Abstract -This paper is an introduction to applying geographic information systems (GIS) technology specifically to rural villages in the Philippines. GIS is a relatively new and valuable tool in decision making that is useful in managing organizations and applicable in a wide range of disciplines including agriculture, public health, natural resource management, and local governance. Rural village governance, although well-established, has been largely untouched by GIS technology. This paper lays out steps to develop a GIS that is uniquely villagebased and home-grown. The ultimate goal is to empower villagers to set the direction and implementation of their own village's development efforts. The steps discuss how to build an inexpensive GIS for rural villages with the help of a GIS expert-coach. Village participation, interest of GIS technician-trainees, and village financial capability are some important considerations in village GIS capability building. A simple GIS for an actual village is also hypothetically illustrated.
INTRODUCTION
A geographic information system (GIS) is a decision-making tool that has been increasingly used in business, education, industry, and governments worldwide for the past 30 years. GIS is applied in many disciplines, from agriculture to public health to water resource management. Local governments especially in developed countries are now heavily using GIS in management and administration as well as in planning and implementation of projects such as land use, emergency and disaster mitigation, boundary delineation, transportation, and public works. The ultimate goal of a GIS is the welfare of the main recipients of GIS -the people.
Some GIS Applications in Philippine Rural Development
Philippine local governments such as Cebu City and Naga City have been using GIS in mapping. [1] [2] A national government agency, the Housing and Land Use Regulatory Board (HLURB), has come up with a GIS cookbook in 2007 for local governments. [3] The guidelines describe how to create GIS-based land-use plans for municipalities, cities, and urban villages. [4] Although not directed toward rural village IT technicians, the latter could benefit many of the GIS lessons from the HLURB GIS Cookbook.
The Sustainable Upland Development (SUD) Program, which was implemented by the Department of Agriculture through the Land Use Based Barangay Development Planning (LUB-BDP) project used GIS technologies in project planning and implementation. [5] The project was implemented in several municipalities in southern Mindanao and ended in 2007. It developed model GIS guidelines for adoption by other municipalities as well. The GIS-related results included survey and delineation of village boundaries, production of thematic maps and land use plans, and participatory mapping. They were then to be integrated with the overall municipal land use plan. As with HLURB, the project used the commercial ArcView 3.x software. Because of the magnitude of the project which simultaneously involved several municipalities, GIS skills training was focused on municipality-based personnel.
Another project called GEOTEACH CENSOPHIL (Translating Geomatics Technology as an Empowering Tool for Academic Institutions in Community Participatory Development and Human Resource Mobilization for Urban Agriculture and Environmental Management in the Central and Southern Philippines) was involved in GIS capability building in the Philippines. [7] It was funded by the European Commission and focused on the application of geomatics technology (synonymous with GIS-engaged surveying) in instruction, research, training, and community development. GIS application was focused on solving problems in urban villages.
The Village Challenge
Rural villages are still unexplored territory for village-based GIS applications. GIS technology transfer to rural areas in the Philippines has been slow, because it has not been about building the capabilities of rural villages in GIS technologies. GIS technology transfers local government have been conducted to directly benefit municipalities or cities to build their GIS skills capability, with the expectations that they can in turn train rural village GIS technicians. However, there have been many constraints to make it happen such as trainer availability and appropriate software.
Local governments do not have specific ally defined GIS personnel positions. GIS-trained IT personnel who do GIS work also do non-GISrelated tasks. Many of these GIS-trained people are holding temporary job positions, have no concrete GIS-related job descriptions, and readily move to another secured job when the opportunity comes. Another problem is the use of commercial GIS software prescribed by past GIS consultants, who are not aware of the pitfalls of introducing high-maintenance and inappropriate technologies to mostly under-budgeted local governments.
Commercial software such as ArcGIS, MapInfo, Manifold, and IDRISI are quite capable but they too are relatively expensive to license and maintain as well as too complex for village technicians. [8] GIS technology transfer agents must therefore adapt to the budgetary resource and technology knowledge level of rural villages. Fortunately for developing country users, free GIS software are now available for the masses. [9] These are mostly intuitive and increasingly more functionally comparable with their commercial counterparts. Rural villages are becoming familiar too with using computers. With free software and people trained in them, rural villages can now potentially adopt GIS technologies.
GIS is a new technology; some resistance is expected. Resistance to adopt could be due to the following: lack of understanding of GIS and its usefulness, the perception that GIS is expensive technology requiring expensive software, complicated software, and the lack of knowledge to integrate GIS in the village's governance and development efforts. A well-suited GIS for rural village applications requires that GIS consultants, trainers, and technology-transfer agents be educated about these issues.
Adopting GIS is more than just about understanding GIS and learning its software. GIS is also a new way of thinking. Developing a GIS technology for a rural village needs the participation of the villagers so they can grasp the significance of the technology and take pride of its ownership. Thus, village participation is crucial throughout the project cycle: from planning to post-project assessment and sustainability. One outstanding feature of a GIS is that people can observe different graphical scenarios before projects are implemented thereby avoiding costly mistakes. Involvement of rural people in GIS projects educates and empowers them to carry out the project by themselves and to make intelligent decisions to manage the village' resources. This paper discusses the strategies and methods to build a practical but sustainable GIS for rural villages.
The Barangay
An introduction about Philippine villages is presented to understand how they are set up. The name barangay (or village) originated long before the Spanish colonization in the 16 th century. [10] The term was replaced with the name barrio and later on was revived during the Marcos Administration in the 1970's. The barangay is the smallest political administrative division in the Philippines, consisting of about 2,000 inhabitants or 5,000 for highly urbanized villages. Several villages comprise the next higher administrative division: the municipality or city. The Local Government Code, which was enacted in 1991, governs and empowers villages in self-governance, such as taxation, and also assured with national internal revenue allotments. [11] A village is composed of a chief executive (called Punong Barangay) and eight legislative council (called Sangguniang Barangay) members that includes the chairman of the youth council (Sangguniang Kabataan). Council members each head a different village committee, such as Education and Sports, and they are elected every three years. Villages may be classified into rural and urban; the latter may be described as those close to the urban and commercial centers of a city or municipality. Rural villages are those that are far away from the center and obviously lacking the infrastructure and amenities of its urban counterpart. A major geographic difference between the two is population density or proximity to urban centers, as may be shown in Figure 1 . Classification may be subjective and depend on its income. Compared to their urban counterparts, rural villages are large and mainly situated in the far-flung interiors or along the periphery of municipalities and large-area cities such as Butuan City and Zamboanga City. Despite being situated in large cities, a village may, however, be seen as rural depending on the state of its infrastructure and services.
Rural villages or rural communities in a developing-country setting, especially in the Philippines, should not be equated with their namesake in developed countries. Rural areas in developed countries such as in the U.S. can hardly be called rural in a developing-country setting, because of the existence of relatively efficient infrastructure, such as water supply systems, sewage, utilities, support systems, and local governance. There has been some progress, however, in Philippine rural development in terms of water supply and rural electrification. Generally, the farther villages are from urban centers, the lesser or slower the progress. Furthermore, as in any political administration, changes in leadership in the village and those directly above the political ladder brought about by elections are bound to impact the direction of and priorities in village development.
What is a GIS?
Integrating GIS in village development requires more understanding about this technology. GIS is also called geospatial information system or geographic information technology. It is a tool or technique that takes advantage of the unique location of people, places, and things and analyzing patterns and interrelationships to aid in making informed decisions. A GIS is valuable in simulating real-world situations so that mistakes can be avoided before making investment decisions. One simple function of GIS is in planning and mapping of geographically referenced points, lines, and polygons or areas on the surface of the earth. A point may represent an electric post, bird sighting, or spring source. A line may represent a creek, pipeline, or canals. A polygon may represent a house footprint, park, or cropland. A more important function of GIS is in spatial analysis. Data layers such as the ones shown in Figure 2 can be selectively overlain to reveal relationships, patterns, and trends. By discovering patterns or trends, one can make conclusions as to the most appropriate course of action to pursue. For example, village development efforts depend on different kinds of data such as population and their locations, land area, crops planted, and soil type.
Like most information systems, a GIS is a collection of people, hardware, software, and operating procedures to collect and process data into useful information (Figure 3) . People operate the information system and make decisions as to the appropriate ways to process data. Hardware includes computers, printers, GPS (global positioning system) equipment, and scanners. A GIS software is necessary to process, store, and present data. Raw data needs to be converted into useful information as the main product of the system. All these require a set of guidelines and methods to operate the system smoothly.
Purpose and Scope
The purpose of this paper is to present practical ways to introduce, implement, and sustain GIS in rural villages of the Philippines. The steps includes discussing the following issues: introducing GIS to the village council and youth council (Sangguniang Kabataan); assessing existing hardware, software, IT literacy and capability, and interest in applying GIS; selecting most appropriate hardware and free, open-source GIS software; determining training level and requirements; knowing and prioritizing immediate GIS applications in the village; determining the most economical cost for implementation; and promoting sustainability of the GIS in a rural setting.
Steps in Developing a Suitable GIS for Rural Villages
There are several general steps that can guide the introduction of GIS in rural villages. Before making a GIS presentation, the GIS technologytransfer agent or expert must already have done pre-assessments of the village and initial representations with village officials. Likewise, there must already be an initial interest from the village chief and officials about the prospect of introducing GIS in their village. Then the agent makes a GIS presentation to the village council, presents a proposal, and gets the approval of the council.
Since GIS is a completely new technology, assume that nobody in the village has heard about it. Make the presentation as simple as possible taking into careful consideration their knowledge level of computer technology, preferably using Powerpoint. Give examples of what GIS can do, what has been done in other LGUs, and the benefits they have gained. A GIS person from another LGU whom the village is familiar with can help in setting a cordial atmosphere. Discuss possible projects in the village that can be enhanced using GIS. Answer their questions and concerns as directly and concisely as possible. Honesty and transparency are needed to build trust. Lay out a simple implementation plan for a village GIS. Get their approval to move to subsequent steps.
These are illustrated in Figure 4 and discussed briefly in the following paragraphs:
a. Assess existing hardware, software, computerized processes, and IT knowledge level.
Assessments are needed to establish a baseline for new-technology intervention. In this day and age, rural villages may already be using a computer in some of the village administrative functions. If so, someone may already be literate in the use of a computer and software to some degree. If none, then this must be noted and that some computer literacy training needs to be included in the overall GIS capability building. The survey must also establish which persons are to commit to be initially trained and be involved in GIS development.
b. Select GIS software and hardware to be used in GIS project.
The number one requirement for GIS software to be used by villages in its development projects and training is that it must be free and opensource, meaning its source code is free to the public to use, modify, or copy. Many free GIS software are available for easy download from the Internet. Examples of all-around notables are MapWindow GIS, SAGA GIS, and DIVA-GIS, and Quantum GIS. [9] Download other free software that are necessary in GIS work such as OpenOffice and 7-Zip. [12] [13] A village has to make this minimal investment: at least one capable computer system with a licensed Windows 7 operating system, a regular inkjet or laser printer, and a handheld GPS (Global Positioning System) receiver. Optional hardware includes a digital camera, a backup disk drive, and desktop scanner.
c. Conduct GIS training and develop village GIS technologists.
This is a crucial component in village GIS development because the human resource trained during this phase will become the knowledge base and purveyor of GIS in the village. Thus, careful selection needs to be made which require some basic qualifications, such as permanency as a village resident, some IT knowhow, fast learner, and above all, interest in learning and applying GIS for village projects. The village must determine how to compensate these trainees. Though they may be working on a part-time or informal basis, some form of remuneration is necessary. Training shall be intensively hands-on and shall initially focus on learning simple GIS functions and tackling GIS projects with practical village applications. The initial number of trainees would depend on the number of computers available for the training. Multiple trainees may have to use a single computer unit, one to operate the computer and the rest to participate in problem solving and assist the operator. Furthermore, provide opportunities for village GIS technicians to learn and interact with their counterparts in other villages and municipalities through meetings, conferences, and other GIS trainings.
d. Collect data and construct the GIS database.
This now becomes the task of the newly trained village GIS technicians. Building the GIS database is the most laborious and time-consuming phase in starting a GIS for the first time. The purpose is to establish a central repository of spatial data to be used in GIS projects. Commonly used spatial data called basemaps include administrative boundaries, rivers and streams, and roads.
First is to inventory and collect existing data, such as paper maps, tabulated data, and descriptive data about the village that may already be stashed somewhere. These could be in digital or non-digital format and spatial or non-spatial type. Next is to convert all useful data to digital format. Paper maps may need to be scanned and georeferenced for use later on in on-screen digitizing of desired features such as roads, rivers, or crop patches. As may be needed, collect data from municipal and provincial archives such as true boundary delineations of the village and cadastral maps. Other important data includes soils map, agricultural maps, and land use plans.
Use a spatial reference system that is consistent with that used by the municipality and province. Generally, apply a projection system with WGS84 datum and UTM Zone 51. One important requirement of a GIS is to keep maps and data up-to-date. Thus it is advisable to have the latest aerial or satellite imagery of the village. The higher the resolution the better is the clarity of the picture. Digitizing from high-resolution images of the village gives more accurate results. Free online map viewers such as Google Earth and ArcGIS Explorer are continually uploading patches of high-resolution imagery of various parts of the Philippines.[14] [15] The displayed imageries, however, are about five or six years old but still useful in many applications. Also, a fast Internet connection is needed to be able to view them. For GIS users, being able to derive vector data from Google Earth or ArcGIS Explorer online maps is a revolutionary development.
f. Seek collaboration with all groups.
Data collection, database buildup, and project implementation can be eased by the participation and cooperation of local citizens including elementary and high school students, village-based NGOs, church groups, Kabataang Barangay, and volunteers. Likewise, out-village groups such as municipal and provincial governments, national government agencies, colleges and universities, and other NGO's might be willing to help in GIS-based projects in the village, whether these are in the form of expert services or monetary support. Colleges and universities seek extension or outreach projects in rural areas to fulfill one of the school's major functions.
g. Identify and prioritize projects for GIS intervention.
List all possible projects that could be enhanced using GIS. Then prioritize these projects depending upon the needs and resources of the village. For example, a village may need a new water supply system. GIS can help where to source water, in planning for the pipe network and water meter locations, and in implementing the construction, as well as in revenue collection from water use. Other projects may include land use planning and zoning, situating a new dumpsite or cemetery, disaster mitigation planning, coastal management, population demography, and reforestation.
h. Seek funds for your GIS projects.
Identify potential project donors. Write a brief and concise project proposal including its budget. Start with small projects. Present your proposal (preferably in Powerpoint) to donors such as DILG, government agencies, NGOs, or private individuals.
i. Write guidelines and manuals for using GIS and document GIS project experiences
Trained GIS people may leave the village, and new ones may be needed to continue GIS work. Guidelines, manuals, and other GIS documentation must have been prepared so that newly hired GIS technicians can easily be oriented on the status of GIS applications in the village. Documenting and chronicling projects are also helpful when sharing project experiences with other villages and appropriate agencies through conferences and conventions.
j. Integrate GIS in village management processes.
Village management almost always involves people, places, and things. Since these have unique geographic locations, administrative processes that are integrated with GIS can help in efficiently managing the village's resources. GIS can help promote transparency in transactions, for example in water revenue collection, cadastral taxation, and project appropriations, thus gaining the trust of the people.
k.
The presence of a GIS champion or leader in a village is a necessity. A GIS champion need not be technically proficient in GIS, but rather has the drive and decision-making power to implement GIS. Ideally, the GIS champion is the chief executive of the village. Without a local GIS champion, implementation of GIS programs may be bound for a more difficult journey.
Sustaining a GIS project implies that some revenue is derived from the GIS project when the project cycle ends. Some examples of GIS-engaged, income-generating enterprises can be as follows: A water supply system can derive income from household users. A GIS-based village reforestation program can derive income from sale of seedlings and delineating areas suitable for tree planting. A GIS can help farmers map the soil type distribution and nutrient-level needs of their land and to suggest the ideal crop and the amount and distribution of inputs. Coconut farm productivity can also be assessed or optimized using GIS by knowing the effects of factors such as slope, elevation, soil type, tree distance from shoreline, wind speed and direction, storm seasons, and tree distance intervals, thereby adding more income to the village. Cadastral mapping using GIS can put land records in order and potentially raise revenues for the village through fair taxation. Income can also be derived from local business permits through mapping of business locations. Fees from GIS-mapped trekker and eco-tourist trails are another potential income source. Other GIS-based projects may not directly produce revenues, such as situating a new road, garbage dump, or a high school campus. But they ultimately contribute to the overall sound development and sustainability of the village.
l. Seek a GIS trainer-coach or volunteer consultant.
Villages are not always at ease with consultants, especially because of the perceived 'knowledge gap' between local people and so-called 'highly educated, technical' persons. More so if the village is the one paying for the services. In such a case, villages have to be clear about certain terms, such as the expected output, length of engagement, and remuneration. If a village can get an outside-funded consultant, the latter must be aware of the terms many of which are mentioned in this paper. If a village can get a volunteer consultant, this is ideal because service is the person's main objective. Getting a paid consultant would require a convincing project proposal approved by the village council of a funding agency. One may look also into deferred payment plans such as "build-now, pay-later scheme", wherein payment is made when future income, for example from cadastral tax collection, starts to generate. Whatever is the arrangement, the terms of engagement have to be defined clearly.
A Hypothetical GIS for an Actual Rural Village: Mapping Houses and Encoding Residents Data
In this paper, Barangay Esperanza is used as an example for a hypothetical, initial simple GIS implementation. The village, shown in Figure 5 , is situated in the province of Southern Leyte at the southeastern tip of the southernmost island called Panaon Island at 9.9742 degrees north latitude and 125.2711 degrees east longitude. The land is hilly and covered predominantly with coconuts, which is the main agricultural income earner. The soil is stony but fertile. Its main staples, other than rice which the village does not produce, include cooking bananas and root crops. As anywhere else, the village also has several of its younger citizens gone to foreign lands for long periods. This has supported relatives to enjoy relatively higher living standards and to own properties. The place enjoys ample rainfall of about 4,000 mm/yr.[16] The village has unpolluted streams and brooks fed by several largely intact small watersheds. Besides an elementary school, the village has a public high school that also caters to high-school age youths of neighboring villages. The village can make itself more self-reliant by developing and optimizing the potentials of its rich soil. GIS can help Esperanza through several ways: mapping soil type and nutrient levels as well as determining the appropriate crops, mapping the distribution of coconut production and copra output based on several factors such as elevation and tree intervals, mapping denuded areas for replanting, and planning and implementing a better water supply system for an increasing population. Other the other hand, GIS can be used to map village overseas foreign workers (OFW) to keep track of their whereabouts and working conditions, as well as for fundraising purposes. A simple GIS may be started first by creating a spatial database of all houses and their residents. Socio-demographic studies can be quickly served if geodemographic data already exist.
House footprints were digitized in Google Earth, shown as orange outline in Figure 6 . ArcGIS Explorer can also do it, but only Google Earth displays this particular geographic location at a much higher resolution. The digitized building footprints, shown as "boxes", were then saved as Keyhole Markup Language (.kml) files. Next, they were converted into the GIS files called shapefiles (.shp) using MapWindow GIS or Quantum GIS. The shapefile can then be viewed and edited, such as adding fields and attributes to its table using the same software, as shown on the right side of Figure 6 . Data fields can be added and housing attributes encoded to each record, such as house number, street address, owner or tenant name, number of occupants, number of voters, and other socio-demographic information.
Having developed a warehouse of readily usable GIS data, information can easily be graphically displayed or queried. With adequate GIS knowledge and additional data themes, the village is ready to pursue GISbased development projects.
Other Related Issues About Introducing GIS in Rural Villages
Institutionalization of GIS in the village is necessary to embed GIS in the planning, implementation, and management of future GIS-based programs, projects, and activities in the village. This would require passing a village ordinance to make GIS legally part of the village's development plans. The village needs to assign a person to head the GIS program. Figure 7 shows the suggested location of a GIS office within the village's organizational set up.
Institutionalization of a village GIS can be successful through a villagewide effort. At the forefront are the GIS champion, GIS advocates, and visionary officials who desire to apply emergent technologies to solve rural development challenges. GIS is largely unknown by rural village personnel. As its simplest function, GIS is a mapping tool. Rural people can easily take advantage of this feature. Nevertheless, resistance to change is expected. Another may be the level of interest of village officials in this new technology and financial capability of the village to make the initial shoestring investment in hardware and training. A problem may lie also in integrating GIS in the village's traditional institutional, manpower, and organizational setup. Skills acquired during GIS training could easily stagnate or be forgotten if not used regularly. Non-availability of funding for the village's development project goals may discourage village planners. Thus villages will have to devise strategies to realize and sustain their own development plans with minimal outside financial help. The temptation to get into high-tech expensive methods immediately will likely frustrate local project participants.
Absence or slow internet connection could impede the use GIS, especially when data is sourced from the internet. In such case, downloading free online data needs to be done in internet café or elsewhere where there is capable internet connection. GIS data processing could then be done with a stand-alone, internet-unconnected computer system. Sustaining trained village GIS technicians may also be a problem.
Villages that cannot afford the Windows operating system from Microsoft for their computers can use a free operating system such as Linux or its distributions such as Ubuntu, Fedora, and openSUSE. [17] There are several free GIS software such as Quantum GIS, SPRING, uDIG, and gvSIG that can run on Linux. [9] CONCLUSION This paper has laid out an introduction to building a GIS for rural villages. A village GIS can be built by first collecting raw data, processing them into readily usable information, and building a warehouse of easily accessible spatial data. This warehouse then supports GIS-engaged development projects in the rural village. GIS project planning, implementation, integration, and institutionalization requires the cooperation and participation of the village population led by village officials. Rural village empowerment is the ultimate goal of GIS. An empowered village is less dependent upon municipal, provincial, or national government for political or financial support. It is about time villages learn to set its own direction and to attain its own vision and goals with less outside support and political interference. The process to empower villages through GIS will not be easy and will encounter many hurdles. But the results will be worth the effort for its present and future citizens. Pursuant to the international character of this publication, the journal is indexed by the following agencies: (1)Public Knowledge Project, a consortium of Simon Fraser University Library, the School of Education of Stanford University, and the British Columbia University, Canada:(2) E -International Scientific Research Journal Consortium; (3) Journal Seek -Genamics,
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